Abstract-Soil resistivity is a crucial parameter to be taken into consideration in designing any electrical grounding system, as the understanding towards its changes over time and soil properties is crucial to ensure transients and fault currents to be able to be dispersed to the earth in shortest time and shortest path possible. National and international standards stated that there is necessity to measure soil resistivity of a site before any grounding system installation could be carried out at that site. Steps and tests needed to be done in finding a suitable site for grounding system installations with Natural Enhancement Material Mixtures were discussed in this work. Three sites were taken into consideration, which only one to be selected, based on soil resistivity assessments that were carried out. The effectiveness of the Natural Enhancement Material Mixtures grounding systems installed at the selected site were also monitored for the duration of one year, by measuring the soil resistivity of the site once in three months. Note that all the sites are located in Universiti of Putra Malaysia, Serdang, Selangor, Malaysia. It is shown that there is general relationship between the soil resistivity values and climate change in Malaysia throughout a year of measurement duration. Also, by installing grounding systems with Natural Enhancement Material Mixtures, the soil resistivity values were slightly reduced over a period of one year.
INTRODUCTION
A conducting connection between an electrical circuit or equipment and the earth is the main requirement for any power system, building structure and facility to be grounded. This particular connection can be only established through the implementation of grounding system. Grounding system can be defined as any metallic conductor with different geometric structures and buried into the soil with the objectives to create a conducting connection to the earth [1] [2] [3] [4] [5] . In accordance to NEC, Article 250-1 [1] , the main purposes of grounding in the electrical systems are to restrict transient voltages due to the lightning strikes, or unintentional contact with higher voltages lines, and to stabilize the voltage to ground under normal operation, to facilitate overcurrent equipment operation when there is a ground fault occur and conductive materials enclosing electrical rods or equipment, or forming part of the electrical device is grounded to restrict the voltage to ground on these materials and facilitate overcurrent device operation in case of ground faults. In short, grounding system is designed to dissipate high magnitude fault current to earth while providing safety to persons working in or living near to the power system installations. It is also necessary that grounding systems are designed with sufficient low-magnitude impedance path to ensure that the high magnitude and fast fault current could be easily dissipated to earth. At the normal conditions, a small amount of currents will appear in the ground channel. However, under the fault conditions, a very high magnitude of current will be returned to the source through the ground path.
Low impedance path is the main key for the protection against lightning and overcurrent fault. Therefore, it is important to identify the factors that contribute to the resistance of the grounding systems. In brief, the resistance of this systems are fully depends on arrangements of earth rod and soil resistivity. According to Lim et al. [6] , the influence of the soil resistivity on the earth resistance of grounding systems is much bigger compared to the arrangement of earth rod. As a result, soil resistivity is the main factor in designing any grounding system as it controls the performance of the grounding system due to the reason that it is one of the important parameter that measure of how much the soil resists the flow of fault current into the earth [7] . The resistivity values tend to vary in wide range depending on the soil texture, soil type, salt added, moisture content and temperature of the soil [7, 8] . Based on the study done by Rudenberg [8] , it indicated that the resistivity of the soil could be reduced with the increase of the salt, moisture content and temperature of the soil. Therefore, it is crucial to have an early accurate assessment of the soil conditions of a site where the installation of grounding system that going to take place [9] . This is to ensure the grounding system could perform effectively in order to ensure the fault current to be dispersed to the earth in shortest time and shortest path possible.
II. SOIL RESISTIVITY VALUES AS A MAJOR FACTOR IN SELECTING GROUNDING SYSTEM INSTALLATION SITE
To install an effective grounding system, an electrical engineer must first consider its location, especially in the design stage. Several factors that related to this are 1) sufficient space, 2) physical condition of the surrounding soil, 3) soil resistivity values, 4) accessibility to the site, and 5) obstructions. This is to ensure once the grounding system is installed, its daily earth resistance measurement will not be distorted and inaccurate [11] [12] [13] [14] [15] . And, having a site with homogeneous soil resistivity is a huge advantage ensuring that the analysis of the earth resistance measurements of any installed grounding system will be at most effective and thorough [16] [17] [18] [19] [20] [21] [22] . This condition is essential with an objective that comparison of the performance of each grounding system can be done fairly. Also, soil resistivity is considered to be the important parameter that influences the measured earth resistance of any the grounding system. Each grounding system must be installed at a separation of at least twice the length of the vertical earth rod used to avoid cross effects while earth resistance of the grounding system is being measured. The solidness of the soil in the site is another crucial factor which must be considered. The soil should be sufficiently strong to support various mixture of compositions without sinking significantly. Muddy region should be avoided at all cost by considering the solidness of the soil. Moreover, the measurement of earth resistance can only be carried out in a situation where rod is projecting from the soil (deliberately welded to remain over the ground level for measurement reason). If the rod has submerged completely below ground level, it would be difficult to measure the earth resistance.
The place and physical state of the site are another issue should be taken into account. In the case of the climate conditions, it would be better to find a location which is most likely to have substantial precipitation. In addition, the location of the site should not be far away for ease to carry out daily earth resistance measurement. Observing of the site could be promptly made at whatever point it is fundamental. Also, the region to be chosen should not be waterlogged under prolonged heavy precipitation situation which is a typical phenomenon in Malaysia. The site also should be accessible under any circumstances especially during the installation of grounding systems and as well as for the daily earth resistance measurement. Any construction projects should not be occur in the conceivable site at any rate until the last day of measurement. Otherwise, the site's soil condition is disrupted and cause a significant changes in respect of soil resistivity and indirectly affect the performance of each grounding systems installed. The site must be relocated when there is a construction projects occurs on the site. This task is merely impossible because the grounding systems are covered with surrounding soil and the relocation will involve of transporting of all the buried rods as well as the soil surrounding covered around vicinity of the rod.
By considering all the factors listed, three sites in Universiti of Putra Malaysia, Serdang, Selangor, Malaysia were selected for possible Natural Enhancement Material Mixtures grounding system installations. The mapping for soil resistivity measurement was completed by following the procedures employed in [23, 24] . Figure 1 displays the mapping for soil resistivity measurement. In this work, a triangle shape with three sides of measurement intervals were employed where several measurements were carried out with several probe spacings at each of the side. However, Wenner [24] reported that meshshaped sides with small dimensions was the most accurate for soil resistivity mapping. This particular measurement mapping only is required when mapping soil resistivity for designing grounding system for power substations which requires more and high accuracy information to determine the behavior and condition of the soil. Therefore, a triangle shape mapping was used in our research since only a rough estimation of soil resistivity is necessary for this stage of research.
III. SOIL RESISTIVITY MEASUREMENT METHOD
The most commonly used field method for determining the soil resistivity is 4-pole method which is developed by the United States Bureau of Standards [10] . There are two types of arrangement available for such measuring method which are Wenner 4-pole arrangement and Schlumberger-Palmer 4-pole arrangement. In terms of efficiency, Wenner method has an advantage over the Schlumberger-Palmer method in the ratio of received voltage per unit of transmitted current [2] . Hence, Wenner arrangement is considered to be more reliable in testing soil resistivity. However, when comparing in terms of time consumption and labor force, Schlumberger-Palmer arrangement has more advantage as it only need to move the outer probes for 4-5 times for each movement of the inner probes. While, in Wenner arrangement, all the four probes needed to be moved for every soil resistivity measurement. Note that, Wenner arrangement which as in Fig. 2 was employed in this research since it was the most recommended method in the literature review. The principle of the Wenner method taken care of the average soil resistivity ρ up to certain depth of soil and can be approximated as in (1) where d is the separation distance between two probes and R is the apparent soil resistance. As shown in Fig. 1 , this method involves placements of two inner potential probes, i.e. P1 and P2, and two outer current probes, i.e. C1 and C2 in a straight line and at the depth of h. With this set of arrangement, a Digital Earth Tester is able to measure R, which is actually the output from the ratio of potential difference measured between P1 and P2 to the measured current I. Then, (1) is employed to obtain ρ. = 2   Table I tabulates the results of the soil resistivity measurements conducted using Wenner method at Site 1, Site 2 and Site 3, where all the sites are located in Universiti of Putra Malaysia, Serdang, Selangor, Malaysia, demonstrated that the soil at all the three sites has many layers of varying earth resistivity.
In the case of Site 1, for Transverse Side 1, it is observed that they made up by a single layer of soil where the highest resistivity value is 2,256.92Ω-m at the depth of 1.0m and the The results for the Site 3 also indicated the presence of multilayer soil at the subsurface in three transverse sides. Along Transverse Side 1, the results demonstrated that this side is made up by three layers of soil with high, low and high resistivity values, with the highest resistivity value detected is 4,184.60 Ω-m and the lowest resistivity value is 1,564.51Ω-m. In the case of Transverse Sides 2 and 3, it can be observed from the results that both of them display a similar pattern where they comprised of three layers of soil with low, high and low resistivity values. For Transverse Side 2, the earth resistivity with highest value is recorded to be 1,796.99Ω-m at the depth of 2.0m and its lowest value is 1,558.23Ω-m at the depth of 4.0m. While, for Transverse Side 3, it is observed that the earth resistivity with highest value is with 1,753.00Ω-m at the depth of 3.0m and its lowest value is 1,671.33Ω-m at the depth of 1.0m
In overall, in terms of the resistivity value, Site 2 has the lowest resistivity value on average basis when compared to Site 1 and Site 3. Note that the lower the resistivity value of the soil, the better the performance of the installed grounding system in approaching the resistance of 0Ω. However, Site 2 has inadequate space to accommodate the implementation of the Natural Enhancement Material Mixtures grounding systems and also display the properties of inhomogeneous soil as it has various value soil resistivity along its different transverses. In terms of the stability of resistivity value, Site 3 is considered the best. In detail, Site 1 has instability of resistivity value of all level of depth for all the transverse sides while Site 3 display more consistency in the value of resistivity of all level of depth for all the transverse side. In short, Site 3 possess homogenous soil resistivity. With this feature, the comparison of the performance of each grounding systems can be conducted fairly. As a result, Site 3 is chosen for installation of grounding systems.
IV. SOIL RESISTIVITY MEASUREMENT ANALYSIS
One year soil resistivity measurement is conducted at Site 3 after the installation of grounding systems in the intervals of once in three months. The purpose of such measurement is to evaluate the changes of soil resistivity at the site due to a climate change and the employment of Natural Enhancement Material Mixtures in the installed grounding systems. Table II tabulated the number of days in rainy and sunny conditions for a specific month in year 2017, for Serdang, Selangor, Malaysia which were obtained from Metallurgy Department Malaysia [25] . And, the results of soil resistivity measurement results throughout the year are as been tabulated at Table III , where it indicated the soil resistivity correlates strongly to the weather. It also can be used as a supportive evidence which proves that soil resistivity is a function of soil texture and moisture content. In detail, the changes in weather condition can directly affected the amount of moisture in the surrounding soil. For instance, during the rainy season, the moisture content in the soil will increase and indirectly reduce the soil resistivity.
However, in the drought season, soil resistivity values will increase as the moisture content in the soil decrease. On average, the results obtained showed that the soil resistivity values in all transverse sides have decrease from the month of February to the month of May and then increased significantly when approaches in the month of August. This phenomenon tally with the results tabulated in Table II where the number of rainy days in May is higher compared to the month of February and August. However, the resistivity values in all transverse sides have decrease significantly when reaching to the month of November as the number of rainy days recorded in November achieve the highest value where there is a rainfall in 19 days out of 30 days. This shows that rainy season occurs in the month of November. Also, in considering to the employment of natural enhancement material in installed grounding systems, they might have an effect towards the changes of soil resistivity throughout a year, as the resistivity values were slightly reduced. After the Natural Enhancement Material Mixtures grounding system grounding system installations, soil resistivity value of Site 3 was monitored for a duration of a year, considering the changes of the values, due to the Natural Enhancement Material Mixtures, and their relations with Malaysia climate. This resulted that the soil resistivity measurements proved that the soil resistivity correlates strongly to the weather. Also, there is a slight reduction of the soil resistivity values over the year, probably due to the Natural Enhancement Material Mixtures employment towards installed grounding system in Site 3.
